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The purpose of the thesis was to present geology of Leningrad, Novgorod and 
Pskov regions, as well as foundation engineering methods which can be used in 
the region and in Finland. 
 
The description of soils and their properties is based on archival data which was 
written down to table 1 appendix 1. To verify, correct, compare and confirm the 
reliability of the information it is necessary to make geological investigations. 
Sites of investigations are located in Leningrad region namely in Saint-
Petersburg. The results of the investigations also were written to the same ta-
ble, and for convenience engineering geological elements (sediments) of inves-
tigations have the same color with sediments from archival data in table 1. In 
many ways the results of geological investigations confirm the archival data, 
such as unit weight, modulus of deformation, natural moisture content, etc.  The 
table can be used to estimate properties of soils, challenges that may occur dur-
ing construction and preliminary choose suitable type of foundation.  
 
On the basis of geological investigations, the foundation engineering methods 
were chosen, and can be used in the region and in Finland. Two types of pile 
foundations were compared, prefabricated piles and cast-in-situ piles. After a 
comparative analysis the best solution for the construction in urban area is 
bored piles with the extraction of soil as well as drilled-in caisson piles without 
removing of soil gives an acceptable result. 
 
Keywords: Geological investigations, modulus of deformation, natural moisture 
content, foundations, piles. 
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1 INTRODUCTION 
 
In the design of buildings and structures one of the difficult issues is to solve the 
problem of the choice of bases and foundations. The choice of the base for        
a building or a structure depends on the engineering-geological conditions of 
the building site, which dictates to choose the most suitable type of foundation 
and methods of constructions. Therefore, the geological description of Lenin-
grad, Pskov and Novgorod regions has an applied character, that is, the main 
objective is to determine properties of soil such as physical characteristics: unit 
weight, density, moisture content, porosity, coefficient of soil porosity, liquid lim-
it, plastic limit, as well as the mechanical properties of soils: modulus of defor-
mation, cohesion, angle of internal friction, and based on these data, the selec-
tion of reliable load-bearing layers that could serve as a basis for facility con-
struction. In describing the properties of soils, an archival data were used, but in 
order to verify and confirm them, it is necessary to make the geological-
engineering investigations. In the territory of Leningrad Region in Saint-
Petersburg, the three engineering-geological investigations were made, two of 
them are in the central part and one is in the south.  For convenience, the re-
sults of the geological investigations and archival data were written down to a 
table. The sediments which have the same genesis are marked with one color. 
The investigations confirm the geological formations and the values of their 
properties do not have a strong deviation. This table can serve as a reliable pa-
per for the preliminary analysis of the geological conditions and the choice of 
foundation. 
 
In the second part of the thesis the most suitable types of foundations for these 
soils were analyzed. The more appropriate type of foundation is pile foundation. 
In choosing the type of piles, take into account factors that may affect the extra 
settlements of adjacent structures, namely vibrations, uncontrolled extraction of 
soil, heaving of adjacent piles. The most suitable type of produced piles in the 
soil is bored piles with the extraction of soil as well as drilled-in caisson piles 
without removing of soil gives an acceptable result in urban area. Also an ex-
ample of the pile technology is analyzed. 
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2 GEOLOGY OF LENINGRAD, PSKOV AND NOVGOROD RE-
GIONS  
 
2.1 Definition 
 
The territory of Leningrad, Pskov and Novgorod regions is located within two 
major geological structures of Russian platform: Baltic shield and Baltic region. 
(Geology of the USSR, 1971) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Scheme of engineering-geological zoning of Russian platform (Geology 
of the USSR. 1971) 
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Figure 2 The junction of Russian platform with Baltic shield (Geology of the 
USSR, 1971) 
 
2.2 Baltic shield 
 
Baltic shield is located in the north-western part of Russian platform -
Karelia and Kola Peninsula. (Engineering Geology of the USSR, 1978) 
 
Baltic shield is an ancient before - baikal structure, which is composed of met-
amorphic rocks of Archean and Early Proterozoic age. (Engineering Geology of 
the USSR, 1978) 
 
Ancient sediments on the most part of the region lie under a sufficiently high 
layer (10-170 m) of Quaternary sediments. (Engineering Geology of the USSR, 
1978) 
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Figure 3 Rocks of Baltic shield (Engineering Geology of the USSR, 1978) 
 
 
The structure of Baltic shield can be divided into three structural stages.  
 
1. The lower structural stage (Archaea-Middle Proterozoic) is composed of met-
amorphic rocks-gneisses, amphibolites and metamorphic slates, which include 
the arrays of igneous rocks. They are characterized by high strength and stabil-
ity. (Engineering Geology of the USSR, 1978) 
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2. Baikal structural stage (Upper Proterozoic-Lower Cambrian) is composed of 
conglomerates, sandstones, phyllites and dolomites with the total thickness of 
6000 m. Within the region they are developed fragmented (Rybachy Peninsula, 
Kildin island) and in engineering and geological directions these territories are 
unknown due to weak development. (Engineering Geology of the USSR, 1978) 
 
3. The structure of Upper Alpine structural stage (Middle Pliocene-Holocene) is 
composed of different in genesis unconsolidated rocks. (Engineering Geology of 
the USSR, 1978) 
 
Pliocene sediments on the most part of shield were destroyed by multiple gla-
cial exaration and are survived only in some deep cavities of preglacial re-
lief, where they are in most cases overlapped with layers of younger sedi-
ments with thickness of 10-50 m. Therefore, only the youngest glacial and post-
glacial sediments have the practical importance for the construction on Baltic 
shield. (Engineering Geology of the USSR, 1978) 
 
2.2.1 Upper Alpine structural stage (Pleistocene-Holocene) 
 
2.2.1.1 Lake and lake-alluvial sediments  
 
It is located under moraine of the last Karelian glaciation at the depth of 7-10 m 
and outside it comes up to the surface. Marine formations are presented by 
clays, sands, gravel and pebbles; Continental formations are presented by layer 
of loam, sandy loam and sand. In a number of items were found layers of peat 
with thickness up to 1.5 m. The maximum thickness of sediments is 37 m. (En-
gineering Geology of the USSR, 1978) 
 
From engineering-geological point of view they were studied only in the region 
of Petrozavodsk, Olonets and East Prionega. Both marine  and 
lake sediments are characterized by considerable heterogeneity. 
Among marine sandy sediments, sands with middle size are dominat-
ed; among lake sediments - small and middle-sized. Clays and loams, as a rule, 
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are silty, consistency is half-solid or hard plastic. (Engineering Geology of the 
USSR, 1978) 
 
2.2.1.2 Glacial sediments of Karelian and Ostashkov age 
 
They are widespread and on the most part of the area, sediments are located 
on the surface. Only on the periphery of the shield they overlap with thin tempo-
rary formations. The lower horizon of glacial sediments is formed 
by Ostashkov moraine with variable depth and has thickness of 3-20 m. (Engi-
neering Geology of the USSR, 1978) 
 
The upper horizon is Karelian moraine. Lithological composition of the Karelian 
moraines is also not quite sustained. On the Kola Peninsula in Northern and 
Central Karelia, where the glacier moved mainly on Precambrian crystalline 
rocks, it is composed by sand and sandy loam. In areas where the moraine was 
formed by interglacial sediments its composition is composed by clays 
and loams Karelian and Onega-Ladoga isthmuses, Eastern Onega. (Engineer-
ing Geology of the USSR, 1978) 
 
The upper layers of moraine cover are presented by ablation moraines, which 
are distinguished by a rude structure, lower density, more weathering and 
roundness of clastic material. In addition, moraines often have layers and 
lenses of boulders and gravel, sand and gravel. Thickness of Karelian moraines 
increases from north to south from 3-5 to 7-8 m and in some places (Kareli-
an and Onega-Ladoga isthmuses) increases to 50-60 m. (Engineering Geolo-
gy of the USSR, 1978) 
 
In granulometric composition it is allocated pebble-gravel, sand, sandy loam, 
loam and clay moraines. For all differences it is characterized the high content 
of boulders, gravel and pebbles and the heterogeneity of the mechanical struc-
ture. (Engineering Geology of the USSR, 1978) 
 
In the petrographic composition of gravel-pebble-boulder material is dominated 
by the following local rocks: granite, gneiss, gabbro, diabase, amphiboles and 
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quartzites. In the moraine composition is dominated quartz sand (90%), feld-
spar (up to 10-40%), mica (10-15%) in the clay fraction - hydromica. (Engineer-
ing Geology of the USSR, 1978) 
 
Significant content of silt particles in moraine sediments can cause frost heave, 
which often leads to serious deformation of structures. The information about 
mechanical properties of moraine sediments of Baltic shield is very scarce. Ac-
cording to reports the average values of the angle of internal friction in sand is 
30, 33 and 37°, the unit weight of the skeleton is 1.8, 1.9 and 2.0 g/cm3. In loam 
the angle of internal friction varies from 25 to 29°; the cohesion is from 0.015 to 
0.082 MPa. (Engineering Geology of the USSR, 1978) 
 
In natural occurrence moraine sediments are characterized by high strength 
and low compression, in most cases the modulus of deformation varies from 20 
to 30 MPa. (Engineering Geology of the USSR, 1978) 
 
2.2.1.3 Fluvioglacial sediments of Karelian age 
 
By Fluvioglacial sediments of Karelian age compose different forms of relief in 
internal glacial, out glacial and edge zones. Fluvioglacial sediments are spread 
by continuous bend along the Tersk cost of White sea, in West Karelia and on 
Onega-Ladoga isthmus. They are composed of sand-gravel material with peb-
ble lenses and layers. (Engineering Geology of the USSR, 1978) 
 
Fluvioglacial sediments of valleys are presented by fine and average grained 
coarse sands with unconstant amount of gravel and pebble. The thickness of 
these sediments usually does not exceed 5-10 m. (Engineering Geology of the 
USSR, 1978) 
 
Water tightness of fluvioglacial sands depends on their granulometric composi-
tion, the modulus of deformation for sands is from 24 MPa to 48 MPa, for loams 
is from 22 MPa to 35 MPa. The average value of internal friction coefficient for 
fine sands is 0.57, for coarse sands is 0.64. (Engineering Geology of the USSR, 
1978) 
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2.2.1.4 The sediments of local and regional proglacial lakes  
 
They are visible across the territory of Karelia and in the west of Kola Peninsula. 
Sediments of the regional proglacial lakes (Baltic first and second) occupy large 
areas in Lake Ladoga and Lake Onega, as well as in adjoining depressions 
(valleys Shui, Vodla, etc.). In the composition of sediments clay and loam are 
dominated; sandy loams and sands have secondary importance and, as a rule, 
occupy the upper or lower parts of the section. Thickness of local lake sedi-
ments is measured in first meters of the regional proglacial lakes from 15 to 
50 m. (Engineering Geology of the USSR, 1978) 
 
Granulometric composition of lake-glacial sediments is generally characterized 
by considerable heterogeneity and a high content of silty fraction, which in con-
junction with the textural features determines their easy soakness, blurness and 
strong frost heave. Sandy-silty fractions of glacial clays consist mainly of quartz, 
clay - hydromicas, sometimes with a small admixture of kaolinite 
and montmorillonite. In the physical-chemical behavior clays have a low activity, 
their absorption capacity is rarely more than 10-12 mq-ekv per 100 g of 
dry rock. Physico-chemical properties of lake-glacial sediments depend on the 
conditions of sedimentation and diagenesis and are characterized 
by high volatility. Thus, in the whole region the unit weight of loam varies from 
1.52 to 2.24 g/cm3; the unit weight of skeleton - from 0.92 to 1.81 g/cm3. In clays 
these factors varies: 1.41-2.07, 0.72-1.64, 0.61-2.60 g/cm3. Almost eve-
ry proglacial lake is characterized by it is own data and therefore the assess-
ment of building properties requires the individual approach. In a wide range in-
dicators of deformation and strength properties of lake-glacial sediments are 
changed. The most favorable properties have sands. Thus, the modulus of de-
formation of sand according to experienced stress on stamps is within 30-
35 MPa, on the results of weight sounding test within 15-27 MPa. (Engineering 
Geology of the USSR, 1978) 
 
The results of dynamic sounding test indicate greater heterogeneity in degree of 
compressibility of sands, but the modulus of deformation in different sands in 
cross-section usually not less than 15 MPa. The values of the angle of internal 
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friction in sands, which were estimated according to weight sounding test and 
dynamic sounding test, are 33-35°. Sandy loams are characterized by higher 
compressibility. Thus, the modulus of deformation for sandy loam is 12-15 
MPa. The most diverse in compressive and strength parameters are loams 
and clays. With the depth the clay density is rapidly reduced 
and correspondingly the compression is increased, the modulus 
of deformation for clay is 1.5-6.5 MPa. (Engineering Geology of the USSR, 
1978) 
 
Thus, according to the rotational shear, the shear strength of clay in the up-
per weathered zone ranges from 0.035 to 0.135 MPa, it falls below up to 0.002-
0.004 MPa. The marked ability of clays demonstrates the need for use in the 
construction of buildings the upper weathered zone and not its removal, as 
sometimes in the construction practice is done. (Engineering Geology of the 
USSR, 1978) 
 
2.2.1.5 Marine late glacial sediments  
 
They include first Yoldia Sea sediments and as a result they were named 
"Yoldia". They are widespread in the North Ladoga and especially in the West 
Pribelomore, also are found in the valleys of the rivers on the Kola Peninsula. 
They usually occur on the surface and only sometimes overlap with modern ma-
rine and peat-bog formations. Their thickness varies from several meters to 10-
15 m. There is the predominant distribution of clays, less loams. Sandy differ-
ences occur at the base of the sections. (Engineering Geology of the USSR, 
1978) 
 
Clays are usually plastic, viscous. In nature openings during weathering 
they form columnar jointing and are dissected by cracks with depth up to 1 m. 
Thickness of the weathering zone reaches 3-3.5 m. (Engineering Geology of the 
USSR, 1978) 
 
In the mineral composition of clay hydromica and primary relict minerals - plagi-
oclase and biotite are dominated.  The absorption capacity of clay is high (up to 
14 
 
30 mg-eq per 100 g of rock). The compressibility of late glacial marine 
clays was studied only in the Kem district. According to Lengidroproekt, for all 
differences high structural strength is characterized: in weathered clay zones it 
ranges from 0.004 to 0.006 MPa, in a less dense - from 0.003 to 0.005 MPa. 
(Engineering Geology of the USSR, 1978) 
 
Yoldia clays have high natural moisture content and porosity. They are charac-
terized by strong and non-uniform compressibility and low shear stability. In ad-
dition, they dramatically reduce the strength and deformation properties in viola-
tion of the natural structure. They prone to frost heave. (Engineering Geology of 
the USSR, 1978) 
 
2.2.1.6 Holocene marine sediments 
 
They are spread by a strip with width of 10-20 km along the recent coast region, 
coming into the area along the river valleys. They make up recent terraces with 
thicknesses are less than 10-15 m. (Engineering Geology of the USSR, 1978) 
 
The consequence of poor compaction of clays is their high compressibility. The 
modulus of deformation is from 0.5 to 1.8 MPa. The few tests of marine clays in 
shear gave the following results: the angle of internal friction varies from 2 to 
19°, the cohesion is 0.05 MPa. During the construction on marine clays of Holo-
cene, end bearing piles are applied. Piles are supported by underlying moraine 
or crystalline rocks. (Engineering Geology of the USSR, 1978) 
 
2.2.1.7 Holocene lake sediments  
 
They are distributed along the shores of modern lakes, where they form lower 
parts of bank slopes, low terraces, beach ridges and beaches. Areas of their 
distribution tend to areas of lake-glacial sediments from which they can not be 
always separated. The thickness of sediments varies from 0.5 to 5 m, rare-
ly reaching 10 m or more. (Engineering Geology of the USSR, 1978) 
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The lithological composition is different: sands are dominated, sometimes grav-
el and pebbles, rarely sandy loam, loam, and in the coastal zone - gravel 
and boulder. The characteristic features of lake formations are horizontal layer-
ing, the presence of plant residues, and sometimes peat layers. Granulometric 
composition of lake sediments is varied. (Engineering Geology of the USSR, 
1978) 
 
There are fine and average coarse sands. They have a significant amount 
of silty fraction. Clays content silty fractions which exceed 40%, sometimes 
reaching 90-95%. In the fine-dispersed fraction of clays and loams the hydromi-
ca is dominated. Often there is a high content of organic matter. (Engineering 
Geology of the USSR, 1978) 
 
The modulus of deformation of the lake clays varies from 0.4 to 2.3 MPa (in av-
erage 1.15 MPa), which indicates that they are extremely high compressibility. 
The values of shear strength are very low: the angle of internal friction is 
10°, the cohesion is 0.008 MPa. Tested by the method of rotational shear, the 
shear strength is also very low (0.013-0.014 MPa). (Engineering Geology of the 
USSR, 1978) 
 
In addition, there are lenses and layers of compacted clay loams and clays in 
sands, which create a risk of uneven settlements. Clay lake sediments are 
characterized by very low strength, a large compressibility. (Engineering Geolo-
gy of the USSR, 1978) 
 
Thus, in construction pile foundations with end bearing piles and special meth-
ods of work production, excluding dynamic impact, are used. 
 
2.2.1.8 Peat-bog formations of Holocene 
 
They are widespread on the territory of the region, occupying about 30% of its 
area. Their average thickness is 1-2 m, maximum is 10 m. Peat is brown. The 
degree of decomposition to the depth of 1.6-2 m is weak, deeper is average. 
(Engineering Geology of the USSR, 1978) 
16 
 
2.3 Baltic region 
 
The most part of the region is occupied by glacial lakes and low-multi-temporal 
and marine abrasion and accumulative plains with an altitude of the surface 
from 0 to 100 meters. Only in the south and east boundaries some of the ridges 
and hills with elevations up to 342 m are traced. The largest of them is Valdai 
elevation which comes to the region by only north-western slope. Within this ar-
ea there is a row of major platform structures: southern slope of the Baltic 
shield, the Latvian Saddle, the Belarusian - Lithuanian and eastern array, part of 
the Baltic syncline. (Engineering Geology of the USSR, 1978) 
 
 
 
 
 
Figure 4 Schematic geological section of Baltic region (Engineering Geology of 
the USSR, 1978) 
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Figure 5 Hypsometric map of Leningrad Region, Novgorod and Pskov regions 
(Engineering Geology of the USSR, 1978) 
 
Figure 5 shows the absolute heights of territories. I - North of Karelian Isthmus, 
II - Baltic lowland, III - Valdai Hills, A - Vuoksinskaya lowland, B - The central 
 
18 
 
elevation of Karelian Isthmus, C - Predglintovaya lowland, D - Ordovician plat-
eau, E - Devonian plain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Scheme of distribution of continental glaciation, Middle Pleistocene 
Zandra boundary and Quaternary transgressions on Russian platform (Engi-
neering Geology of the USSR, 1978) 
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2.3.1 Vendian complex  
 
Vendian complex combines the youngest divisions of Upper Proterozoic. The 
absolute age of this complex is 560-650 million years. (Engineering Geology of 
the USSR, 1978) 
 
On Russian platform Vendian Complex is presented by Kotlin horizon. 
 
Sediments of Kotlin horizon are absent only in the northern part of the Karelian 
Isthmus, within the considered territory. Under Quaternary sediments Kotlin 
horizon is traced as a narrow strip, which is stretched along the southern coast 
of Gulf of Finland, in the southern part of Karelian Isthmus, through Saint-
Petersburg and its outskirts. (Engineering Geology of the USSR, 1978) 
 
The depth of Kotlin horizon increases from north to south. In the south-eastern 
direction from Baltic shield to Moscow syncline the depth is 40-70 m. In the 
Predglintovoy lowland, the depth is 1250 m. Near Valdai, the depth of Kotlin 
horizon is 1430 m. (Engineering Geology of the USSR, 1978) 
 
Kotlin horizon is characterized by the comparative constancy of the section on 
this territory. Kotlin horizon is presented by a monotonous thickness of dense 
clay, siltstone clay, which color is gray, greenish-gray and brownish. A charac-
teristic feature of clay is a thin lamination, which is conditioned with a frequently 
alternation of argillaceous and siltstone partings through every 1-3 mm. Many 
brown films of fine-grained pyrite and organic inclusions exist on plain of bed-
ding. (Engineering Geology of the USSR, 1978) 
 
2.3.2 Baikal structural stage (Upper Proterozoic-Lower Cambrian) 
 
It is composed by sand-clay formations. The greatest practical interest is Lami-
noritovye clay of Upper Proterozoic and Blue clay of Lower Cambrian. (Engi-
neering Geology of the USSR, 1978) 
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Laminaritovye clay is thin-layer (fissile), sometimes massive. Lamination of clay 
is not correct, small lenticular, there are layers and lenses of sands and weak 
sandstones. Clay is solid and dense. In appearance, physical and mechanical 
properties are close to rocky soil. (Engineering Geology of the USSR, 1978) 
 
This Laminaritovye clay is widespread throughout the region, but in the zone of 
engineering impact is located only within Predglintovoy lowlands, at the depth of 
a few tens of meters. In the rest of the area the clay is located at the depth of 
hundreds or thousands of meters under younger rocks. The thickness of clay 
varies from 20-45 m in the northern Estonia up to 170 m in Leningrad region. 
(Engineering Geology of the USSR, 1978) 
 
Blue clay in most cases is laminated, which is defined by alterating layers of 
clay and sand with thicknesses from 1 to 2 mm, rarely massive clay with a uni-
form texture. There are layers and lenses of sandstone. (Engineering Geolo-
gy of the USSR, 1978) 
 
The consistency of Blue clay is hard plastic or half-hard. Within Predglintovaya 
lowland, Blue clay is located at the depth of 20-30 m and occurs in the base of 
Ordovician limestone cliff and in the valleys of the rivers. In the rest of the re-
gion clay occurs at big depth and does not have practical importance for con-
struction. (Engineering Geology of the USSR, 1978) 
 
Granulometric composition of Laminaritovye and Blue clays is very similar. The 
content of clay fraction in Blue clays usually ranges from 30 to 60%, and silty 
fraction ranges 40-64%; the average content of clay fraction in Laminaritovye 
clay is 50%, silty fraction is 45%, the amount of sand particles rarely exceeds 8-
10%. The mineral composition of fine fractions of Laminaritovye clay is hydrom-
icaceous, sometimes with an admixture of glauconite and kaolinite. Blue clay 
contains montmorillonite and hydromicas. (Engineering Geology of the USSR, 
1978) 
 
The physical properties: the natural moisture content is 13-16%, all the moisture 
in the clay is physically bound. Laminaritovye clay is moderately dilatation - the 
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total dilatation does not exceed 10-11%. (Engineering Geology of the USSR, 
1978) 
 
The dilatation for Blue clay is about 27-30%. The moisture of dilatation for all 
the samples is near to plastic limit. (Engineering Geology of the USSR, 1978) 
 
The modulus of deformation for Laminaritovye clay is 100 MPa, for Blue clay it 
is 28 MPa. (Engineering Geology of the USSR, 1978) 
 
The shear strength of blue clay with natural moisture content is as follows: the 
angle of internal friction 22°; the cohesion is 0.073 MPa. (Engineering Geolo-
gy of the USSR, 1978).  
 
2.3.3 Caledonian structural stage (Ordovician-Silurian)  
 
It is composed primarily of carbonate rocks and was formed under normal ma-
rine basin with rich organic life. Only the lower strata of Ordovician is presented 
by sandstones and shales. Ordovician sediments are widely distributed in the 
south of the limestone cliff and in the south and south-east under Devonian sed-
iments. Full thickness achieves 100-200 m and increases from the south-
eastern boundary of the region up to 300 m. (Engineering Geology of the USSR, 
1978) 
 
Silurian sediments are developed in the western part of the region. They appear 
on the surface in central part of Estonia and to the south and southwest are 
immersed to the depth of more than 0.5 kilometers. Thickness of Silurian 
sediments ranges from 12 to 957 m. (Engineering Geology of the USSR, 1978) 
 
This formation consists mainly of limestone, dolomite and often clay. The com-
position varies from massive to thin platy, structure is changed from hidden-
crystal to coarse crystal, sometimes there are organogenic clastic differences. 
(Engineering Geology of the USSR, 1978) 
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The physical properties of limestone and dolomite are close to each other. For 
Kingisepp and Narva hydroelectric station are obtained the average values: the 
unit weight of rock is 2.54-2.58 g/cm3; the porosity is 8.6-9.8%; the water ab-
sorbtion is 2.67-2.94%; the air-dry compressive strength is 52.2-62.5 MPa, the 
water-saturated compressive strength is 37.4-51 MPa. (Engineering Geology of 
the USSR, 1978) 
 
The coefficient of frost resistance after 25 cycles of freezing is usually greater 
than 0.7-0.8, and the coefficient of softening, usually greater than 0.7. (Engi-
neering Geology of the USSR, 1978) 
 
With dipping layers in the south-east salinity increases rapidly (up to 3 g / L or 
more), water enriches with sulfates and sulfate and become aggressive towards 
concrete. (Engineering Geology of the USSR, 1978) 
 
2.3.4 Hercynian structural stage (Devonian) 
 
It is composed by a variety of genesis and lithological composition of sediments. 
They can be divided into three formations: a lower terrigenous red-colored, 
formed in the Early Devonian, carbonate lower classes and Frasnian stage and 
upper terrigenous-red-colored-upper Frasnian and Famennian stages. (Engi-
neering Geology of the USSR, 1978) 
 
Formation of red terrigenous Early Devonian is presented by thick layers of 
sand with lenses and layers of clay, accumulated in the marshy plains. The 
lower part of the section is dominated by clay with interbedded marls and lime-
stones with numerous inclusions of dolomite. The total thickness of sediments 
reaches 50-150 m in the region, they are located in the western parts of Lithua-
nia and Latvia. (Engineering Geology of the USSR, 1978) 
 
Formation of the Devonian carbonate is presented by carbonate-clay and sul-
fate rocks of Frasnian stage, and is spread significantly in the region (except for 
the northern region). These rocks are covered by Quaternary sediments capaci-
ty from a few meters to 200 m. Formation of red terrigenous of late Devonian is 
23 
 
widely distributed within the central Devonian field. These sediments occur at 
shallow depths and are often used as a basis for large industrial and energy fa-
cilities. (Engineering Geology of the USSR, 1978) 
 
They form the thickness ranging from 200 to 600 m, declining to 30-40 m in the 
field of erosional scour. Sediments are frequently interbedded variegated clays, 
marls and sands of inconstant thicknesses. Clay rocks dominate in the for-
mation and determine. (Engineering Geology of the USSR, 1978) 
 
According to the engineering-geological evaluation they are sandy and calcare-
ous. In the granulometric composition of clay the silty particles are dominated 
(typically greater than 50%), the content of clay particles varies from 10 to 40%, 
sand does not exceed a few percent. (Engineering Geology of the USSR, 1978) 
 
Clay is well consolidated. The consistency of clay is half-hard, the coefficient of 
water saturation in most cases does not exceed 0.8-1.0. The modulus of defor-
mation of clay is 20-70 MPa, the angle of internal friction of clay is 13°, the co-
hesion is 0.097 MPa. (Engineering Geology of the USSR, 1978) 
 
2.3.5 Upper Alpine structural stage (Pleistocene-Holocene) 
 
It is composed of loose rocks. They appeared because of glaciers and their melt 
water. Pleistocene sediments are deposited on the eroded surface of the Pre-
Quaternary rocks. They include a series of moraines of different ages 
(Oka, Dnieper, Moscow, Kalinin and Ostashkov) separated by moraine - sandy-
clayey formations of variable composition and thickness. The total thickness 
of lower, middle and upper Pleistocene sediments varies from 2-10 m, in some 
areas of Ordovician plateau and Predglintovaya lowland it can be up to 300 m 
or more in the preglacial valleys and in areas of marginal formations. On 
the surface they are covered with complex of post-glacial formations of differ-
ent genesis with thickness up to several tens of meters. (Engineering Geolo-
gy of the USSR, 1978) 
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The most widespread, the best known and most important from engineering-
geological point of view are the Dnieper, Moscow, Kalinin and Ostashkov mo-
raines. The thickness of individual moraine horizons unstable and varies from 1-
3 to 40-50 m, reaching in the areas of end-moraine ridges 100-120 m. Moraines 
are composed by boulder loam, sandy loam, rarely by clays with layers and 
lenses of strip - clays, sands, gravels, pebbles and boulders. (Engineering Ge-
ology of the USSR, 1978) 
 
With overall heterogeneity of size in granulometric composition moraine sedi-
ments are characterized by constant distribution of the individual fractions. 
Thus, in all moraines regardless of their age silty particles are much dominated 
with the content from 30 to 85%.  Content of sand particles varies from 5 
to 50%, clay particles from 10 to 30%, big inclusions from 5 to 20%. 
For moraines a chaotic, breeding and sometimes comminuted texture is typical. 
There are quartz with feldspar, hornblende and opaque materials in mineral 
composition of the coarse. The composition of fine fraction is homogenous. It 
is hydromicaceous with a small amount of fine-grained quartz and kaolinite. 
(Engineering Geology of the USSR, 1978) 
 
Moraine loams have low exchange capacity (absorption capacity does not ex-
ceed 5-10 mg-eq per 100 g of rock). Moraine rocks are usually hard and half-
hard, rarely they are hard plastic and only in rare cases - plastic and fluid plas-
tic. (Engineering Geology of the USSR, 1978) 
 
Moraine sediments have moderate natural humidity (9.5-22%). Because of the 
heterogeneity and strong silty moraine sediments quickly soak (from several 
minutes to 2-5 days). They are prone to frost heave. The coefficient of frost 
heave for moraine loams of Narva area is 5-10%. Due to the 
large moraine compaction permeability is low. (Engineering Geology of the 
USSR, 1978) 
 
The filtration coefficient for sands is measured by tenths, for sandy 
loam by hundredths, and for loams by thousandths of a meter per day. The av-
erage values of the modulus of deformation are following: loam is from 10 to 15 
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MPa, sandy loam is from 15 to 25 MPa, sand is from 17 to 35 MPa. Big influ-
ence on the compressibility of moraine sediments has their consistency. The 
average value of the modulus of deformation for sandy loams of hard con-
sistency has reached 45 MPa, and of plastic is only 25 MPa. Due to weathering 
of moraine sediments and different content of large inclusions, the large scat-
ter of individual values of the modulus of deformation (from 12 to 90 MPa) can 
be explained. Ablation moraine is characterized by reduced values of the modu-
lus of deformation. For sandy loams of Moscow moraine in Minsk region they 
are from 6 to 9 MPa. In weight sounding test of hard rocks frontal resistance 
is 5-6 MPa, with the increase in individual interlayers up to 20-
30 MPa; specific friction on the lateral surface of the probe at average is 0.008-
0.01 MPa, the rocks of plastic consistency have 1.5-3 MPa and 0.003-
0.004 MPa. Significant moraine compaction causes high shear re-
sistance. For Ostashkov moraines this values are: clays - the angle of internal 
friction is 16-25°, the cohesion is 0.003-0.005 MPa; loams have 24-28° and 
0.002-0.007 MPa; in sandy loams the angle of internal friction is 27-33°, the co-
hesion is  0.015-0.06 MPa; in sand the angle of internal friction is 33-37°, the 
parameter of linearity is 0.012-0.015 MPa. Moraines of another glaciation have 
similar characteristics. (Engineering Geology of the USSR, 1978) 
 
The main complicating factors in construction on moraine sediments are 
the heterogeneity of their composition and structure, susceptibility to frost 
heave, the presence of sand lenses and layers containing pressurized wa-
ter. The waters are fresh, calcium bicarbonate usually non-aggressive. (Engi-
neering Geology of the USSR, 1978) 
 
2.3.5.1 Fluvioglacial and between moraine late sediments 
 
They are also widespread in Baltic region. Late Moscow and Late Ostashkov 
water-glacial sediments are located on the surface have big interest for the 
construction. They form zandrs, fluvioglacial deltas, marginal and radial eskers. 
The thickness of fluvioglacial sediments within zandra fields usually ranges 
from a meter up to 15-20 m, in esker ridges 20-25 m, rarely more. Their com-
position is very diverse (from pebble gravel to sandy-loam), but usually sands 
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are dominated. They are characterized by high variability of composition along 
strike and in cross-section. Sands of zandra fields are usually average-
coarse and fine, often silty. There are coarse and average coarse sands in 
oses. The composition of sands are mostly middle hard. Water permeability of 
sands, depends on granulometric composition varies from few meters to sev-
eral tens of meters per day. The compressibility of sands is weak. The modulus 
of deformation of Ostashkov sands in most cases ranges from 21-37 MPa up 
to 50-60 MPa, at least up to 120-130 MPa. The modulus of deformation of 
Moscow sands in Byelorussia is 0.014-0.088 MPa. (Engineering Geology of the 
USSR, 1978) 
 
As a result of shear tests (the standard method), the angle of internal friction of 
sand in most cases is 32-38° and the linearity parameter is 0.01-0.02 MPa. 
(Engineering Geology of the USSR, 1978) 
 
Clay lenses which are in layers of sands are characterized by content 
of silty fraction (on average 40-55%). It causes a frost heave. They are charac-
terized by medium dense, almost full water saturation. The consistency 
of sandy loams is plastic, loams - hard or plastic. The compressibility of 
clay formations is middle. The modulus of deformation for sandy 
loams according to compression tests varies from 7 to 28 MPa (average of 
10 MPa), for loams it is from 10 to16 MPa (average 11 MPa). (Engineering 
Geology of the USSR, 1978) 
 
2.3.5.2 The sediments of local and regional glacial lakes 
 
They usually occur on Ostashkov moraine and only in some places overlap 
with a thin cover of Holocene sediments. Lake-glacial formations also have 
significant development. The thickness of regional lake sediment (first and se-
cond Baltic lake) is about 20-25 m, the local is 10-16 m. Maximum thickness 
of interstadial lake-glacial formations sometimes exceeds 40-50 m (Pargolovo, 
Yukki). In the composition of sediments clays and loams are dominated 
and less frequently sandy loams and sands are encountered. A characteris-
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tic feature of sediments is their banded texture caused by the alternation 
of clay layers with silty layers. (Engineering Geology of the USSR, 1978) 
 
Particle size of sediments is very heterogeneous - silts and very silty rocks 
(silty content up to 70-90%) are dominated. Very silty rocks together with tex-
tural features of rocks determine their susceptibility to frost heave. In 
the mineral composition of hard dispersed fractions quartz is dominated, and 
in fine - hydromica. In the areas of Pre-Quaternary carbonate rocks in 
belt clays up to 30% of carbonate is marked. (Engineering Geology of the 
USSR, 1978) 
 
The absorption capacity often exceeds 10-30 mg-eq per 100 g of rock. The 
thickness of lake-glacial sediments is characterized by high heterogeneity in 
density. (Engineering Geology of the USSR, 1978) 
 
In the slopes after moistening bandy sediments form landslides and 
streams. Filtration coefficient along the layers in hundreds-thousands of times 
is higher than across the layers. (Engineering Geology of the USSR, 1978) 
 
Lake-glacial loams and clays have high compressibility and they are 
very heterogeneous. The effective load seldom reaches 0.04-0.06 MPa. For the 
same loads the modulus of deformation of loams and bandy clays of Leningrad 
region does not exceed 5-10 MPa, in Pskov and Novgorod regions - usually 7-
11 MPa. Sandy loams and sands mostly have medium compressibility: the 
modulus of deformation for sandy loams of Leningrad region is 10-22.5 MPa. If 
natural structure of bandy sediments is impaired the compressibility will in-
crease by 2-3 times. Bandy sediments even after pre-compaction have 
low shear strength. (Engineering Geology of the USSR, 1978) 
 
For bandy clays of Pskov and Novgorod regions the following values are char-
acterized: the angle of internal friction is 10-11°, the cohesion is 0.02-0.03 
MPa. If the natural structure of bandy clays is impaired, the shear resistance 
will fall. Structural strength has reversible (thixotropic) character. In conclusion, 
it should be noted that loamy sand, sandy loams and clays of interstadial and 
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partly of local late glacial lakes (Pskov and Novgorod, Lithuania) can be 
a satisfactory base for most civil engineering structures. (Engineering Geolo-
gy of the USSR, 1978) 
 
Bandy clays and loams of regional glacial lakes are more weak rocks in con-
struction. In the design of bases and erection on them strip foundations it is 
necessary to restrict specific loads in the range 0.01-0.015 MPa. During 
the construction on belt clays with low thickness it is expedient to use end bear-
ing pile base, which is rested on the moraine or Pre-Quaternary rocks. (Engi-
neering Geology of the USSR, 1978) 
 
2.3.5.3 Marine post-glacial sediments  
 
They include formation of second Yoldia, Ancylus, Litorina and, mussel 
and limniev stages of Baltic Sea and also underlying more old first Yoldia 
Sea sediments. Last makes before - Holocene cavity of Baltic Sea and are 
characterized by presence in the cross-section of sandy silts (fraction of the 
dust more than 50%). They form a layer with thickness from 1 to 16 m and usu-
ally are covered by younger formations. (Engineering Geology of the USSR, 
1978) 
 
Sediments of second Yoldia Sea can be seen along the shores of Baltic Sea at 
elevations ranging from -7 to +50 m and lie on the surface or lie at the depth of 
4 m. Their thickness rarely is more than 3-5 m. Yoldia sediments are present-
ed by loams, rarely by clays, sometimes by peats at the bottom. Granulometric 
composition of formations varies widely: the presence of clay fraction is 10- 
50%, silty fraction is 40-75%, arenaceous fraction is 0-40%. (Engineering Geol-
ogy of the USSR, 1978) 
 
Ancylus Lake sediments are deposited on the eroded surface of previous basin 
sediments. The thickness of sediments rarely exceeds 2-3 m. At the depth of 1-
3 m they are presented with fine and silty sand, at the base is coarse sand. 
Sandy loams and loams with plant residues (from 1/2 to 26%) are rarely found. 
In the thick alluvial peat with thickness of 0.3-0.5 m is traced. Litorina Sea sed-
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iments in various parts of the coast make up the lowest abrasion-accumulative 
terrace with altitudes of 5-27 m. Maximum thickness is 12-15 m. They are pre-
sented by sands, sandy loams, loams and clays. All rocks are humified with 
large contain of plant residues and vivianite inclusions. (Engineering Geology of 
the USSR, 1978) 
 
Peat horizon can be traced with thickness up to 1 m. In the coastal strip of Lito-
rina Sea gravel-pebble formations with irregular and diagonal bedding can be 
met. In granulometric composition, Litorina sediments are presented by aleuro-
lites. There are 30-50% particles with size 0.05-0.005 mm. (Engineering Geolo-
gy of the USSR, 1978) 
 
The youngest sediments of mussel and Limpnev stages can be traced on 
the beach ridges along the coast of Estonia and Gulf of Finland. They are pre-
sented by average coarse and coarse sands with lenses of sandy loams, 
loams and clays. Their thickness is 1-3 m. (Engineering Geology of the USSR, 
1978) 
 
Physical properties of considered sediments show a significant inhomogeneity 
of rocks. For sands it is characterized middle dense composition. Argillaceous 
rocks are saturated with water and sand rocks - aquifer. Due to the large silty 
almost all considered rocks are prone to frost heave. The most unfavorable 
construction properties have Litorina sandy loams, loams and clays. In sands 
and sandy loams with low organic content the modulus of deformation is 9 
MPa. In peats the modulus of deformation is 0.5-1 MPa. Rocks are character-
ized by low shear resistance. (Engineering Geology of the USSR, 1978) 
 
From the constructional point of view complex sediments are classified as weak 
and building erection on such sediments is not regulated by building codes. The 
only exceptions are sands without plant remains which can be a satisfactory 
base for different structures. (Engineering Geology of the USSR, 1978) 
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 2.3.5.4 Alluvial Upper Pleistocene and Holocene sediments 
 
They are located within river valleys and contain sediments of the flood plain 
and flood plain terrace. (Engineering Geology of the USSR, 1978) 
 
It is presented by channel, floodplain and oxbow facies. In the channel alluvium 
the thicknesses of which are from 0.5 to 20 m the fragmental difference domi-
nates. Floodplain alluvium is characterized by the development of sand, sandy 
loam, loam and clay with some coarse fragmental material. (Engineering Geol-
ogy of the USSR, 1978) 
 
The average coarse sand rarely dominates. The coefficient of relative density of 
Holocene alluvial sand, depending on their composition varies from 0.25-0.27 
(fine and silty) to 0.34-0.43 (average coarse and coarse), while the upper Pleis-
tocene sands are usually 0.49-0.55. The compressibility of the alluvial sand is 
low or middle. (Engineering Geology of the USSR, 1978) 
 
The sandy alluvial sediments have satisfactory strength and deformation prop-
erties and can serve as a good natural base for most of industrial and civil 
buildings. The coefficient of filtration of alluvial sand varies from 0.1 to 20 
m/day, due to inconsistency of their size distribution and different contents of 
clay particles. Therefore the water abundance of sand is extremely uneven. 
The waters are fresh, hydrocarbonate. (Engineering Geology of the USSR, 
1978) 
 
The clayey alluvial sediments often contain organic debris and have a high hu-
midity to 120%. The consistency of clay sediments varies from soft plastic to the 
fluid, less tight plastic. The value of the modulus of deformation (in compression 
tests) is low even among varieties with low content of organic material for clay 
is from 3 to 10 MPa, for loam is from 5 to 11; the angle of internal friction is 15- 
20°, the cohesion varies from 17 to 20 kPa for sandy loam, 25 to 47 for clay. If 
the content of organic materials is significant about 10-30%, the angle of inter-
nal friction reduces, approximately 3-5°, but the cohesion stays within 0.015-
0.025 MPa. (Engineering Geology of the USSR, 1978) 
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Use of the alluvial clay as a natural base usually requires the use of special 
types of foundations or implementation of reclamation measures. (Engineering 
Geology of the USSR, 1978) 
 
The information about the geological conditions and properties of soils in the 
region was obtained from archival sources and textbooks, to confirm the archiv-
al data it is necessary to make geological investigations. All properties of soils 
are summarized in table 1 in appendix 1.   
 
2.4 Geotechnical investigations 
 
Geotechnical investigations are needed to determine the characteristics of the 
geological structure of site. Investigation works includes the drilling of wells, soil 
sampling from each engineering-geological element, field testing of soils, labor-
atory testing of samples, determination of the position and composition of 
ground water, the calculation of bearing capacity and deformability of soils.  
 
2.4.1 Geotechnical investigation № 1 
 
The site of investigation is located in Saint-Petersburg on Vasilevsky island,  
Nalichnaya street 30, building 2. 
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Figure 7 Map of Saint-Petersburg 
 
Figure 7 shows the map of Saint-Petersburg and the site of investigation is 
marked by a capital letter “A”. 
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Figure 8 Scheme of arrangement of wells on the site of investigation 
 
The three wells were made on the site: well 3449, well 3450, well 3451. Geolog-
ical cross-section is presented in appendix 2. Cross-section I-I describes the 
soils from well 3449 to well 3451, Cross-section II-II describes the soils from 
well 3449 to well 3451 through well 3450. 
 
The geological structure of the site contains quaternary sediments which in-
clude anthropogenic, marine, lake, upper quaternary of Ostashkov horizon, 
lake-glacial sediments of Baltic glacial lake, as well as  glacial sediments of Lu-
ga stage, middle-quaternary which include lake-glacial and glacial sediments of 
the Moscow horizon and  Upper Kotlin sediments of Vendian complex. 
 
The top soil is presented by anthropogenic sediments (t Q IV) located within 
the absolute marks from 1.6-0.1 m and contains sand of various fraction with 
gravel, pebbles, fragments of bricks, wood, crop residues (layer I). The thick-
ness of top soil ranges from 1.9-3.2 m. (Trust of geotechnical investigations, 
2011) 
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Marine and lake sediments (m, l Q IV), are presented by soils with low content 
of peat saturated water (layer II), silty sand with interbedded of sandy loam an 
average density with plant remains saturated water (layer III), silty sandy loam, 
consistency is plastic (layer IV), and silty sandy loam with interbedded of sand 
(layer V). The thickness of sediments is 13.0-15.4 m, the base is at depths 16.2-
17.4 m, the absolute elevations are minus 12.9-13.9 m. (Trust of geotechnical 
investigations, 2011) 
 
Lake-glacial sediments of Baltic glacial lake (lg Q III b) are presented by 
layered silty heavy loam, consistency is plastic (layer VI), layered silty heavy 
loam, consistency is fluent-plastic (layer VII), sand of the average coarse satu-
rated water and an average density (layer VIII). The thickness of sediments is 
8.4-9.9 m, the base of sediments is at depths 24.8-26.2 m, the absolute eleva-
tions are minus 21.3-22.8 m. (Trust of geotechnical investigations, 2011) 
 
Glacial sediments of Glacial Luga stage (g Q III lz) are presented by silty 
light loam, consistency is hard plastic with gravel, pebble (layer IX). The thick-
ness of sediments is 7.4-10.2 m, the base is at depths 33.6-36.0 m, the abso-
lute elevations are minus 30.1-32.7 m. (Trust of geotechnical investigations, 
2011) 
 
Lake-glacial sediments of the Moscow horizon (lg Q II ms) are presented by 
silty layered loam, consistency is soft plastic (layer X). The thickness of sedi-
ments is 0.5-0.9 m, the base is at depths 34.5-36.8 m, the absolute elevations 
are minus 31.0-33.5 m. (Trust of geotechnical investigations, 2011) 
 
Glacial sediments of Moscow horizon (g Q II ms) are presented by silty 
sandy loam with gravel pebbles, interbedded of sand, consistency is hard (layer 
XI). The thickness of sediments is 0.9-2.2 m, the base is at depths 36.5-37.7 m, 
the absolute elevations are minus 33.0-34.4 m. (Trust of geotechnical investiga-
tions, 2011) 
 
Upper Kotlin sediments of Vendian complex (Vk t2) are presented by dislo-
cated silty clay (layer XII) and silty clay with fragments of sandstone (layer XIII), 
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consistency of clays is hard. The thickness of sediments is 7.3-8.5 m, the sedi-
ments are investigated to minus 41.5-41.7 m in absolute marks. (Trust of ge-
otechnical investigations, 2011) 
 
All properties of soils of investigation № 1 are summarized in table 1 in appen-
dix 1.   
 
2.4.2 Geotechnical investigation № 2 
 
The site of investigation is located in the central part of Saint-Petersburg, 
Levashovsky Avenue 11/7 A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Map of Saint-Petersburg 
 
Figure 9 shows the map of Saint-Petersburg and the site of investigation is 
marked by a capital letter “A”. 
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Figure 10 Scheme of arrangement of wells on the site of investigation 
 
The four wells and four points of weight sounding test were made on the site: 
well 1, well 2, well 3, well 4, pwst 1, pwst 2, pwst 3, pwst 4, and also archival 
wells were used to get full information about soils.  Geological cross-section is 
presented in appendix 3. Cross-section I–I describes the soils from well 1 to 
well 5. 
 
The geological structure of the site contains quaternary sediments which in-
clude recent anthropogenic, biogenic, marine and lake sediments, as well as 
upper quaternary lake-glacial and glacial sediments, middle-quaternary sedi-
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ments which include lake-glacial and glacial sediments and also Upper Kotlin 
sediments of Vendian complex. 
 
The top soil is presented by recent anthropogenic sediments (t Q IV). The 
base of sediments is located within the absolute marks from minus 1.54 to 0.7 
m and contains sandy clay mixture with gravel, pebbles, fragments of bricks, 
wood, crop residues and asphalt (layer I). The thickness of top soil ranges from 
1.3-4.92 m. (Trust of geotechnical investigations, 2011) 
 
Recent biogenic sediments (b Q IV) are presented by peat soils saturated wa-
ter and sand (layer II). The thickness of sediments is 0.3-2.3 m, the base is at 
depths 2-4 m in absolute elevations. (Trust of geotechnical investigations, 2011) 
 
Marine and lake sediments (m, l Q IV) are presented by  fine loose sand  sat-
urated water and plant remains (layer III), the  thickness of sediments is 0.4-1.1 
m; silty sand with interbedded of sandy loam, saturated water   and plant re-
mains (layer IV), the thickness of sediments is 0.1-4.1 m; silty sandy loam with 
interbedded of sand and plant remains (layer V), consistency is fluid sometimes 
plastic, the thickness of sediments is 0.2-4.2 m; silty loam with interbedded of 
sand and plant remains (layer VI), consistency is fluent sometimes  fluent-
plastic, the thickness of sediments is 0.5-4.1 m. The total thickness of marine 
and lake sediments is 3-5.3 m, the base is at depths 5.0-9.04 m, the absolute 
elevations are minus 5.54-2.05 m. (Trust of geotechnical investigations, 2011) 
 
Lake-glacial sediments (lg Q III b) are presented by layered silty heavy loam, 
consistency is fluent-plastic (layer VII), layered silty light loam, consistency is 
fluent-plastic (layer VIII). The thickness of sediments is 2.1-4.7 m, the base of 
sediments is at depths 8.7-12.42 m, the absolute elevations are minus 9.02-5.9 
m. (Trust of geotechnical investigations, 2011) 
 
Glacial sediments (g Q III) are presented by arenaceous sandy loam with in-
terbedded of sand, gravel, pebble, consistency is plastic (layer IX). The thick-
ness of sediments is 1.3-5.7 m, the base is at  depths 12.7-15.34 m, the abso-
lute elevations are minus 11,84-9,45 m; silty light loam with interbedded of 
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sand, gravel, pebble, consistency is hard-plastic (layer X). The thickness of sed-
iments is 0.4-1.5 m, the base is at depths 14.5-16 m, the absolute elevations 
are minus 13.2-11.70 m; silty light loam with interbedded of sand, gravel, peb-
ble, consistency is hard (layer XI). The thickness of sediments is 4.4-9.3 m, the 
base is at depths 18.3-22.7 m, the absolute elevations are minus 19.9-15.62 m. 
(Trust of geotechnical investigations, 2011) 
 
Lake-glacial sediments (lg Q II b) are presented by layered silty light loam 
with gravel, consistency is soft-plastic (layer XII). The thickness of sediments is 
1.2-2.9 m, the base of sediments is at depths 20.7-24.7 m, the absolute eleva-
tions are minus 22.9-18.35 m; layered silty heavy loam, consistency is fluent-
plastic (layer XIII). The thickness of sediments is 0.5-1.9 m, the base of sedi-
ments is at depths 24.5-26.1 m, the absolute elevations are minus 22.8-18.35 
m. Sandy formation is coarse sand sometimes gravel sand with formations of 
sandy loam and saturated with water (layer XIV). The thickness of sediments is 
0.1-1.4 meters. The total thickness of sediments varies from 0.2 to 5 m, the 
base of total sediments is at depth 21.8-27 m, the absolute elevations are minus 
23.75-18.72 m. (Trust of geotechnical investigations, 2011) 
 
Glacial sediments (g Q II ms) are presented by arenaceous sandy loam with 
gravel pebbles, interbedded of sand, consistency is hard (layer XV). The thick-
ness of sediments is 0.4-1.2 m, the base is at depths 22.2-23.2 m, the absolute 
elevations are minus 19.92-19.5 m. (Trust of geotechnical investigations, 2011) 
 
Upper Kotlin sediments of Vendian complex (Vk t2) are presented by dislo-
cated silty light clay, the consistency of clays is half-hard (layer XVI) and silty 
clay with fragments of sandstone, consistency of clays is hard (layer XVII). The 
thickness of sediments is 5-12 m, the sediments are investigated 47-47.7 m, in 
absolute marks it is 45.14-44.32 m. (Trust of geotechnical investigations, 2011) 
 
All properties of soils of investigation № 2 are summarized in table 1 in appen-
dix 1. 
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2.4.3 Geotechnical investigation № 3 
 
The site of investigation is located in the south part of Saint-Petersburg, geolog-
icheskaya street 75, building 15, A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 Map of Saint-Petersburg 
 
Figure 11 shows the map of Saint-Petersburg and the site of investigation is 
marked by a capital letter “A”. 
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Figure 12 Scheme of arrangement of wells on the site of investigation 
 
The six wells were made on the site: well 1, well 2, well 3, well 4, well 5, well 6. 
The geological cross-section is presented in appendix 4.  
 
The geological structure of the site contains recent antropogenic sediments      
(t Q IV), upper quaternary glacial sediments (g III) and lower Ordovician sedi-
ments (О1). 
 
The top soil is presented by recent anthropogenic sediments (t Q IV), the 
base of sediments is located within the absolute marks from minus 106.1 to 
106.25 m and contains  sand rarely sandy loam with gravel, pebbles, fragments 
of bricks, wood (layer I). The thickness of top soil ranges from 1.4-1.9 m. (Trust 
of geotechnical investigations, 2011) 
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Glacial sediments (g Q III) are presented by silty light loam with gravel, peb-
bles and fragments of limestone, consistency is half-hard (layer II). The thick-
ness of sediments is 2.3-3 m. (Trust of geotechnical investigations, 2011) 
 
Lower Ordovician sediments (О1) are presented by gray limestone, open and 
crumbling, the top of sediments is located at the depth of 4.00-4.6 m, the drilled 
thickness of sediments is 7.9-8 m. (Trust of geotechnical investigations, 2011) 
 
All properties of soils of investigation № 3 are summarized in table 1 in appen-
dix 1. 
 
2.4.4 Analysis of archival data and the investigation data 
 
Investigations № 1,2,3 contain the top soil which  is presented by recent an-
thropogenic sediments (t Q IV) and contain sand of various fraction with 
gravel, pebbles, fragments of bricks, wood, crop residues. The thickness of top 
soil ranges from 1.3-5 m. It is the result of human activity and these sediments 
are spread within city area.  
 
Recent biogenic sediments (b Q IV) were obtained from investigation № 2. 
They contain peat soils saturated with water and sand. These sediments can be 
referred to peat-bog formations of the holocene, table 1 in appendix 1. The 
bearing capacity of these sediments is low. Therefore they can not serve as a 
reliable basis for foundations.  
 
Marine and lake sediments (m,l Q IV) were obtained from investigations № 1 
and №2, which are presented by soils with the content of peat saturated water 
and plant remains, silty sand with interbedded of sandy loam and loam, silty 
sandy loam interbedded of sand and can be referred to marine post-
glacial sediments, table 1 in appendix 1. The characteristics of soils from the 
archive data have the same values as the characteristics of soils from 
geological investigation.  
 
42 
 
Lake-glacial sediments of Baltic glacial lake (lg Q III b) are presented by 
layered silty heavy and light loam, consistency is soft-plastic or fluent-plastic. 
These sediments can be referred to the sediments of local and regional glacial 
lakes of late glacial age, table 1 in appendix 1. The characteristics of soils from 
the archive data have approximately the same values as the characteristics of 
soils from geological investigation. These sediments were obtained from inves-
tigations № 1 and №2. 
 
Glacial sediments of Glacial Luga stage (g Q III lz) are presented by silty 
light loam, arenaceous sandy loam, silty light loam with interbedded of sand, 
gravel, pebble, consistency is plastic or hard-plastic. These sediments were ob-
tained from investigations № 1, №2 and №3. These sediments can be referred 
to glacial sediments of Ostashkov moraine. The characteristics of soils from the 
archive data have approximately the same values as the characteristics of soils 
from geological investigation. 
 
Lake-glacial sediments (lg Q II) are presented by silty layered light and heave 
loam, consistency is soft plastic or fluent-plastic, coarse sand sometimes gravel 
sand with formations of sandy loam and saturated with water. These sediments 
can be referred to the sediments of local and regional glacial lakes of late gla-
cial age, table 1 in appendix 1. The characteristics of soils from the archive data 
have approximately the same values as the characteristics of soils from 
geological investigation. These sediments were obtained from investigations № 
1 and №2. 
 
Glacial sediments (g Q II ms) are presented by arenaceous sandy loam with 
gravel pebbles, interbedded of sand, consistency is hard. These sediments can 
be referred to glacial sediments of Moscow moraine, table 1 in appendix 1. The 
characteristics of soils from the archive data have approximately the same 
values as the characteristics of soils from geological investigation. These 
sediments were obtained from investigations № 1 and №2. 
 
Lower Ordovician sediments (О1) are presented by gray limestone, open and 
crumbling. These were obtained from investigation № 3 and can be referred to 
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Ordovician sediments, table 1 in appendix 1. The characteristics of limestone 
from the archive data have the same values as the characteristics of limestone 
from geological investigation. 
 
Upper Kotlin sediments of Vendian complex (Vk t2) were obtained from in-
vestigations № 1 and № 2. The sediments are presented by dislocated silty light 
clay with fragments of sandstone, consistency of clay is hard or half - hard. It 
can be referred to Kotlin sediments of Vendian complex, table 1 in appendix 1. 
The characteristics of clay from the archive data have the same values as the 
characteristics of clay from geological investigation. 
 
The characteristics of all soils from the archive data have the same values as 
the characteristics from geological investigation and table 1 can serve as a 
reliable basis for the preliminary analysis of the geological conditions and the 
choice of foundation. 
 
 
3 FOUNDATION ENGINEERING METHODS 
 
3.1 Analysis of geological conditions 
 
In Baltic region the upper layers of soils have a low bearing capacity and high 
compressibility, that is, they are unsuitable for the shallow foundations without 
improving the properties of soils and the most suitable type of foundation is pile 
foundation. Piles transfer loads to the lower, as a rule, stronger and more com-
pacted layer of soils. 
 
3.2 Prefabricated piles 
 
Prefabricated piles are usually made of reinforcement concrete. The cross-
section of pile is square, square with a circular aperture or circular. Piles can be 
fabricated with confinement reinforcement, prestressed or nonprestressed longi-
tudinal reinforcement. 
44 
 
 
 
Figure 13 Cross-section of piles  
 
 
 
 
Figure 14 Longitudinal-section of pile  
 
Square piles of solid cross-section are widely used with confinement and non-
prestressed longitudinal reinforcement. If necessary, to use piles of longer 
lengths, the pile can be jointed from separate parts. 
 
3.2.1 Driven-piles 
 
Pile-driving into the ground is performed by mechanical, vapor-air, diesel, elec-
tric hammers. The weight of the hammer should not be less than the weight of 
the pile with a capblock, which is set on the crown of the pile to prevent damage 
by impact of hammer. Capblock is made of wood or rubber. Pile- driving is diffi-
cult to perform through the layers of compact sand with low water content, 
gravel or soil with solids fragments. It is outdated technology. The disadvantage 
of driven piles is a dynamic impact on people and buildings and it can not be 
used closer than 20 m from the existing buildings. But it is the best way to use 
in an open area (field). During pile-driving of the next pile, previous piles can 
rise and significantly reduce the bearing capacity. 
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Figure 15 Pile-driving 
 
3.2.2 Vibration method of piles immersion 
 
For immersion piles by vibration it is necessary to use vibrators or vibrating 
hammers. The action of the vibrator creates vibrations which are transmitted 
through the immersed pile to the soil. At the same time the soils are diluted, and 
it reduces the frictional forces between pile and soil as well as the efforts of 
jacking on pile. After the cessation of the vibration, the friction force of soil along 
the lateral surface of the pile is greater than that of driven piles. Immersion vi-
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brating piles are used in the presence of thick water-saturated sands. It is less 
dangerous for the existing building than pile-driving. 
 
 
 
Figure 16 Immersion pile by vibrator 
 
3.2.3 Method of pressing piles 
 
Pressing piles is used, where it is impossible to have dynamic effects (impact 
hammer, impact vibration driving). Such conditions arise when constructing pile 
foundations near existing buildings in dense urban areas. But in clay soils in 
place of compaction occurs broken clay with displacement of the sides. 
Pressing of piles in such soils leads to raising of the surface and heaving piles 
which are set before, and even raising the neighboring buildings. Pressing of 
piles is performed by heavy machines, the weight of which is 120 tons and the 
movement of them along the building is able to provoke extra settlements. In 
the ten meter zone of contiguity to neighboring buildings, technology jacking of 
piles should be used with caution, setting of piles is no more than 2-4 piles per 
shift. It provides relaxation of the stress in the soil around the pile. 
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Figure 17 Pressing pile 
 
3.3 Cast-in-situ piles  
 
Cast-in-situ piles can be classified with the extraction of soil and without extrac-
tion of soil. 
 
3.3.1 Drilled-in caisson piles 
 
Method of drilled-in caisson piles can be analyzed with an example Fundex 
and Atlas technologies and it is referred to the method without extraction of soil. 
 
Fundex piles with the length up to 45 m and shaft diameter of 380, 450, 520 
mm are made directly in soil foundations by an absolutely non-dynamic method 
using original rotating and pressing (extracting) rigs. 
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The heel of the pile is the «lost» (left then in soil) cast iron screw point, which is 
put in the certain place of the soil surface of the foundation. With the help of a 
bayonet joint through triple hydro-isolated soft laying the lower end of the thick 
drilling pipe is fastened to the point. The upper end of it is fixed in the power 
working part of the drilling table, moving along the directing jib. 
 
The bore-hole for the future pile is created by rotating and pressing submerg-
ence of the system «point-drilling pipe» up to the project given mark of the pile 
heel. During the penetration of the system into the foundation the soil is moved 
in a radial direction from the well axis and is simultaneously consolidated. This 
provides a more close contact of the stacked concrete with the cylinder soil sur-
face of the bore-hole. Spare air remains inside the tube. When the drill-point 
reaches the project given mark the cavity is checked on its water absence. 
 
The prepared reinforcing cage is put in the dry cavity through the open end of 
the drill tube. In order to prevent gravitational segregation of the concrete mix-
ture which is put into the tube cavity, initially a primer portion (300 liters) consist-
ing of 1 part of cement, 1 part of sand and 1 part of water is pored into. Then 
portion filling with plastic concrete on fine (5-20 mm) filler with tumulus draft is 
made while stacking 12-14 cm. 
 
The drill pipe extraction out of the soil of foundation is made by means of oscil-
lating - back rotation of the tube with its simultaneous application of constant 
pulling axis force. 
 
As a result of this production cycle, the iron concrete monolithic pile, ready for 
perception of the bearing capacity after concrete gains enough strength, re-
mains in the soil foundation of the future structure. 
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Figure 18 The production technology of Fundex pile 
 
Figure 18 shows a sequence of Fundex pile production: 
1 - creation of well by rotation and jacking a tube cast iron screw point,       
2 - setting of reinforcement cage, 3, 4 - concreting pile with lift of pipe. 
 
Advantages of Fundex piles:  
 
1. Refusal to use fabricated piles and operations concerned (delivery, storage, 
lifting on the rig, joining, etc). 
2. Absence of dynamic force on the soil foundation, no vibration while producing 
piles, which is very important from the point of view of safety of adjoining build-
ings, especially in narrow construction conditions. 
3. No works on removing of the soil from the tube cavity, no necessity of trans-
porting it out of the building site. 
4. Low noise coming from the special drilling rig. 
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Disadvantages of Fundex piles: 
 
1. The limited length of the pipes to 34 m, sometimes to 45 m. 
2. The limited diameter of piles: 380, 450, 520 mm, sometimes to 630 mm. 
3. Considering features of Fundex' technology (jacking), pile can not reach de-
sign mark, in the conditions of a hard, little compressible soils with gravel, peb-
bles and boulders. 
 
Atlas pile is constructed by a steel pipe at the bottom of which locate remova-
ble helical cutting tip and “lost” screw point, which cut and compact soil. The 
helical cutting tip with “lost” screw point and pipe is screwed into the ground 
without vibration, using a rotation and pressed effort. After reaching the required 
depth in the pipe a reinforcement cage is lowered. A screw point is separated 
from helical cutting tip in the reverse rotation of the pipe.  Pipe and cutting the 
tip rise up to the surface with the opposite rotation at the same time a pipe is 
filled with concrete. Helical cutting tip forms the profile of the pile. Thus in the 
ground a scroll appears around of the pile, the width is approximately 5 cm. 
Then, external reinforcing cage is lowered by a vibrator. 
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Figure 19 The production technology of Atlas pile 
 
Figure 19 shows a sequence of Atlas pile production:  
1 - setting of the equipment on the site of pile's production, 2 - screwing of pipe 
with helical cutting tip with “lost” screw point by using a rotation and pressed ef-
fort, 3 - setting a reinforcement cage, 4 - lifting of pipe up to the surface with the 
filing by concrete, 5 - setting  external reinforcing cage 
 
Advantages of Atlas piles:  
 
1. Refusal to use fabricated piles and operations concerned (delivery, storage, 
lifting on the rig, joining, etc). 
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2. Absence of dynamic force on the soil foundation, no vibration while producing 
piles, which is very important from the point of view of safety of adjoining build-
ings, especially in narrow construction conditions. 
3. No works on removing of the soil from the tube cavity, no necessity of trans-
porting it out of the building site. 
4. Low noise coming from the special drilling rig. 
 
Disadvantages of Atlas piles: 
 
1. The limited length of the pipes to 30 m. 
2. The limited diameter of piles: 530, 610, 670 mm, sometimes to 720 mm. 
 
Piles Fundex and Atlas can produce no more than 2-4 piles per shift in the ten 
meter zone adjoining to neighboring buildings, and construction of a "new" pile 
with the existing pile is carried out no earlier than 3 days because the existing 
pile should gain strength. Otherwise the non-observance of this technology can 
cause the rise of neighboring buildings. 
 
3.3.1 Bored, boring piles 
 
Method of bored, boring piles can be referred to the method with the extrac-
tion of soils. Thus, the effect of the indentation is removed. But it is necessary to 
provide the stability of a well.  The stability of a well is provided by bentonite so-
lution, it is clay suspension, the unit weight is 1.15-1.3 g/cm3. It is heavier than 
water, but it does not give water to the soil and it is capable of, for some time 
(several hours or even days), providing the borehole wall in the weak soils. The 
other way is immersion of the casing pipe for securing the walls of a well. Cas-
ing pipe is immersed by indentation with an alternating rotation. The soil is re-
moved from the pipe. At the same time soil cork should be at the bottom of the 
pipe which is filled by water. The production technology of a bored pile is de-
scribed in figure 20. 
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Figure 20 The production technology of bored pile 
 
Figure 20 shows a sequence of bored pile production: 
1 - setting of the equipment on the site of pile's production, 2 - immersion of 
casing pipe at design depth and removing of soil, 3 - setting a reinforcement 
cage, 4 - filling pipe with concrete, 5 - removing of casing pipe. 
 
Advantages of bored piles:  
 
1. Refusal to use fabricated piles and operations concerned (delivery, storage, 
lifting on the rig, joining, etc). 
2. Absence of dynamic force on the soil foundation, no vibration while producing 
piles, which is very important from the point of view of safety of adjoining build-
ings, especially in narrow construction conditions. 
3. High efficiency of pile making works. 
4. Low noise coming from the special drilling rig. 
5. Controlled extraction of soil. 
 
Disadvantages of bored piles: 
 
1. The limited length of piles 14.6-29.6 m. 
2. The limited diameter of piles 620-2000 mm. 
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3. Works on removing of the soil from the tube cavity, necessity of transporting 
it out of the building site. 
 
These technologies are not the fastest, no more than 2-3 piles per shift. But 
they give the best result for the safety of neighboring buildings. These methods 
of pile production are used by Junttan and Bauer. 
 
The continuous flight auger piles (CFA) - drilled by continuous flight auger 
system - combine the advantages of the drilled-in caisson piles with the versali-
ty of the bored piles. Drilling is performed by a helicoidal steel plate welded to a 
central hollow stem which is provided at the lower part with teeth to help pene-
tration through the ground. A disposable cap, fitted as plug at the end of the 
stem, prevents entering of the soil when the auger string is driven down. The 
ground is partially pressed sideways by the auger penetration, which results in a 
compaction of the soil all around the shaft. 
 
The concrete is cast through the auger hollow stem by means of a proper con-
crete pump. The pump is connected through a hose to a feed swivel fitted on 
the rotary head. When the required depth is reached, concrete is pumped 
through the string stem and the auger is lifted; the concrete gradually fills the 
voids left by the auger which is then extracted without being rotated or, just 
slowly, in the same driving direction. 
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Figure 21 The production technology of CFA pile 
 
Figure 21 shows a sequence of CFA pile production: 
1 - immersion of auger to the design mark, 2 - removing of auger with soils and 
injection of concrete, 3 - setting a reinforcement cage, 4 - ready pile.  
 
Advantages of CFA piles:  
 
1. Refusal to use fabricated piles and operations concerned (delivery, storage, 
lifting on the rig, joining, etc). 
2. Providing high quality fill hole with concrete, as concrete is fed under pres-
sure. 
3. The possibility of driving through the dense layers of sand. 
4. The absence of vibrations of the soil. 
5. The ability to apply technology to CFA in cramped city conditions. 
 
Disadvantages of CFA piles: 
 
1. Uncontrolled extraction of soil. 
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2. The limited length of piles 22 m. 
3. The limited diameter of piles 450, 650, 820 mm. 
4. Works on removing of the soil from the tube cavity, necessity of transporting 
it out of the building site. 
 
The danger of the technology lies in uncontrolled excessive extraction of soil 
when screwing the auger. In weak soil auger is screwed easily. But in order to 
enter into the dense soil (bearing layer) it is necessary to impose impress effort, 
the technology is not providing it. As a result, the auger rotates in place, giving a 
weak soil to the surface, forming a funnel sedimentation. 
 
Technology of Double rotary is a combination of the use of a continuous hollow 
auger (technology CFA) with the casing pipe. Drilling is begun since dipping the 
casing pipe at a shallow depth, and then under continuous rotation of the hollow 
auger and casing pipe in opposite directions. It is necessary to keep the casing 
pipe ahead of the auger, so that the groundwater does not enter the cavity of 
the casing pipe. Upon completion of drilling (to achieve a design depth) in the 
inner pipe of auger, under pressure concrete is injected and at the same time 
auger lifts up from casing pipe. The soil which fills casing pipe is removed up-
wards along the blades of auger under rotation. After filling with concrete, a cas-
ing pipe is removed, and the body of the pile reinforcement cage is immersed 
by using a vibrator.  
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Figure 22 The production technology of Double rotary pile 
 
Figure 22 shows a sequence of Double rotary pile production: 
1 - setting of the equipment on the site of pile's production, 2,3, - immersion of 
casing pipe at design depth and removing of soil, 4 - filling pipe by concrete and 
removing of casing pipe, 5 - setting a reinforcement cage, 6 - ready pile. 
 
Advantages of Double rotary piles:  
 
1. Refusal to use fabricated piles and operations concerned (delivery, storage, 
lifting on the rig, joining, etc). 
2. Providing high quality fill hole with concrete, as concrete is fed under pres-
sure. 
3. The possibility of driving through any layers. 
4. The absence of vibrations of the soil. 
5. The ability to apply technology to Double rotary in cramped city conditions. 
6. Controlled extraction of soil. 
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Disadvantages of Double rotary piles: 
 
1. The limited length of piles 21.5 m. 
2. The limited diameter of piles 660, 820, 1020 mm. 
3. Works on removing of the soil from the tube cavity, necessity of transporting 
it out of the building site. 
 
It was found that auger is stuck in the casing pipe and auger is pulled out in or-
der to be cleaned, but it sucks weak soil inside casing pipe. 
 
Table 3.1 Comparative table of piles 
 
Place of fabrica-
tion 
Production 
methods 
Examples of 
equipment 
Negative 
influence 
Application 
 
 
 
 
 
Prefabricated 
piles 
 
Pile-driving 
Diesel and 
hydraulic 
hammers 
Significant 
shock of im-
pact 
 
In open area 
 
 
Vibration 
driven pile 
 
Vibrators 
 
Significant 
vibration of 
impact 
 
In open area 
 
 
Impress piles 
 
Impress  
machines 
the rising of 
neighboring 
buildings 
and piles, 
settlements 
are caused 
by machine 
2-4 piles per 
shift in the 
contiguity 
zone to the 
buildings 
C
a
s
t-
in
-s
it
u
 p
ile
s
 
 
 
Without    
extraction 
of soil 
from a well 
 
 
Drilled-in 
caisson piles 
 
Fundex pile 
driver 
 
the rising of 
neighboring 
buildings, 
damage of 
"new" piles 
 
2-4 piles per 
shift in the 
contiguity 
zone to the 
buildings 
 
Atlas pile 
driver 
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Place of fabrica-
tion 
Production 
methods 
Examples of 
equipment 
Negative 
influence 
Application 
C
a
s
t-
in
-s
it
u
 p
ile
s
 
 
 
With ex-
traction of 
soil from a 
well 
 
 
 
Bored piles 
 
Bauer, 
Junttan, 
Double rotary 
 2-4 piles per 
shift in the 
contiguity 
zone to the 
buildings 
 
CFA 
Uncontrolled 
extraction of 
soil as a re-
sult extra 
settlements 
 
In open area 
 
The best way to use bored piles which are based on technologies of Bauer, 
Junttan, Double rotary or similar production methods of piles, as well as Fundex 
and Atlas methods or methods which are based on the same principles are 
suitable during construction in city. 
 
3.4 Example of application of foundation engineering method 
 
The building site is located in Saint-Petersburg on Vasilevsky island, Nalichnaya 
street 30, building 2. The geology of the site is presented in investigation № 1, 
and the building site can be classified to the high complexity from the view point 
of engineering-geological conditions. 
 
3.4.1 Physical and mechanical properties of soils 
 
The soils that compose the territory are characterized by the following construc-
tion properties: layer I is top soil, composition and density are not heterogenous, 
the soil has properties of heave. Soils with content of peat (layer II) can signifi-
cantly and unevenly be compressed under the action of external loads. Marine 
and lake silty sands are an average density (layer III), at disturbance of natural 
composition of sand contributes a transition to quick ground (running sand) and 
it leads to a decrease of bearing capacity. 
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3.4.2 Hydrogeological conditions of site 
 
The investigated area is characterized by the presence of groundwater with a 
free surface. Groundwater with the local pressure is caused by a variety of filtra-
tion properties of water-bearing soil (sand) and the overlying sandy loam and 
loam are confined to the thicker sands’ average particle size (layer VIII)  are 
discovered at the depths 23.2-24.5 m. The value of pressure is 8.2-12.0 m, pie-
zometric level is established in the absolute elevations minus 10-12.5 m. 
Groundwater is not aggressive relative to concrete. (Trust of geotechnical inves-
tigations, 2011) 
 
3.4.3 Analysis bearing structure of building and foundation 
 
The building has 10 floors, the main bearing elements of buildings are cast-in-
situ reinforced concrete exterior and interior walls and columns. Rigidity and 
stability of the building are provided by rigid conjugations cast-in-situ reinforced 
concrete walls, columns and slabs. Basement walls are cast-in-situ reinforced 
concrete, the thickness of internal walls is 200 mm internal, the thickness of ex-
ternal walls is 300 mm. Exterior walls are multilayered. The internal layer is rein-
forced concrete with the thickness of 180 mm, the external layer is insulation 
Rockwool, the thickness is 150 mm and ventilated facade. (Centre of geotech-
nology at SPSUACE) 
 
The internal walls are made of cast-in-situ reinforced concrete 180 mm. Floors 
are made of cast-in-situ reinforced concrete, the thickness is 180 mm. Floors of 
parking garage are made of cast-in-situ reinforced concrete, the thickness is 
450 mm. (Centre of geotechnology at SPSUACE) 
 
Stairs are made of precast reinforced concrete, flight of stairs is supported by 
steel beams and cast-in-situ reinforced concrete slabs. (Centre of geotechnolo-
gy at SPSUACE) 
 
Elevator shafts are made of cast-in-situ reinforced concrete, the thickness is 
160 mm. (Centre of geotechnology at SPSUACE) 
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The building is located on the floor slab of the underground parking, the dimen-
sions of which exceed the dimensions of the building. The structure and config-
uration of the underground parking do not allow to design a settlement joint. 
(Centre of geotechnology at SPSUACE) 
 
Floor plans, facades and cross-sections are presented in appendix 5.  
 
On this basis, the following construction of pile foundation was adopted: bored 
cast-in-place piles are made by Fundex technology, the diameter of the pile is 
520/660 mm, the length is 40.8 m from the pile cap of underground parking. The 
total amount of piles is 111 pieces in the pile field. (Centre of geotechnology at 
SPSUACE) 
 
The design load on the pile is 200 tonnes, the expected settlement of the build-
ing is 3 cm, heeling of pile foundation is 0.0003.  (Centre of geotechnology at 
SPSUACE) 
 
The pile cap is cast-in-situ reinforced concrete slab, the thickness is 600 mm. 
The crown of piles is located in the weak soils, therefore rigid conjunction was 
adopted between pile cap and piles. The reference mark 0.000 m is adopted at 
an absolute mark 3.600 m in Baltic system. (Centre of geotechnology at 
SPSUACE) 
 
Cast-in-situ reinforced concrete piles are chosen with d = 520mm, the class of 
concrete is B25, W8, F100. The absolute mark of the end piles is minus 37.30 
m, the absolute mark of the crown of piles is plus 0.1 m, the length of piles is 
37.4 m after cutting. The depth of anchorage of piles' reinforcing cage is 650 
mm. (Centre of geotechnology at SPSUACE) 
 
Hard grayish-blue silty clays are the basis for piles,  = 2.16 g/cm3,  = 26, с = 
109 kPa, IL = -0.53, Е = 31 MPa.  The maximum position of the groundwater 
level is assumed at an absolute mark 2.0 m. (Centre of geotechnology at 
SPSUACE) 
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The pile field and the structure of the pile are presented in appendix 5. 
 
In this case Fundex technology is the best solution, because drilled-in caisson 
piles can resist significantly loads and the building is entered to 10 meters zone 
of urban area but if 2-4 piles per shift are produced it does not lead to significant 
settlements of neighboring buildings. 
 
 
4 CONCLUSIONS 
 
4.1 Geology of Leningrad, Pskov and Novgorod regions 
 
As a result of this work the properties of soils in the region were investigated 
and a table of their properties was made on the basis of which it is possible to 
pre-evaluate from an economic point of view the type and depth of foundation 
and consider the adverse factors which can affect the construction and opera-
tion of facilities. As well as the construction, the properties of the sediments can 
be characterized. 
 
4.1.1 Baltic shield   
 
Glacial sediments of Karelian and Ostashkov age contain significant silty 
particles in moraine, the sediments can cause frost heave, which often leads to 
serious deformation of structures. In natural occurrence moraine sediments are 
characterized by high strength and low compression. Glacial sedi-
ments of Karelian and Ostashkov age have satisfactory building properties. 
 
Fluvioglacial sediments of Karelian age are presented by fine-grained and 
average grained sands with unconstant amount of gravel and pebble, which 
sometimes can be removed by loams and have satisfactory building properties. 
 
In the composition of the sediments of local and regional proglacial lakes 
clays, loams, sandy loams and sands are dominated. With the design of foun-
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dations and erection of structures on clay, it is necessary to keep the natural 
composition of clays and prevent freezing and the dynamic effects. 
 
Marine late glacial sediments. Clays have high natural moisture content and 
porosity. They are characterized by strong and non-uniform compressibility 
and low shear stability. In addition, they reduce the strength and deformation 
properties in violation of the natural structure. They prone to frost heave. 
 
Holocene marine sediments are characterized by poor compaction of 
clays and high compressibility. During the construction on marine clays of Holo-
cene, end bearing piles are applied. Piles are supported by underlying moraine 
or crystalline rocks. 
 
Holocene lake sediments are presented by sands which have satisfactory per-
formance for the building. But due to the high content of clay particles, they ex-
hibit the properties of quick ground. Also, there are layers of weak compacted 
clay loams and clays which create a risk of uneven settlements. Clays of lake 
sediments are characterized by a very low strength and a high compressibility. 
Therefore, during the construction dynamic effects should be excluded. 
 
4.1.2 Baltic region   
 
Vendian complex on Russian Platform is presented by Kotlin horizon. Kotlin 
horizon is presented by a monotonous thickness of dense clay and siltstone 
clay. They are characterized by high strength and very low deformation proper-
ties and can serve as a reliable basis for foundation. 
 
Baikal structural stage is composed by sand-clay formations such as Laminar-
itovye clays and Blue clays. They are characterized by high strength and very 
low deformation properties and can serve as a reliable basis for structures. 
 
Caledonian structural stage consists mainly of limestone, dolomites and often 
clays. The physical properties of limestone and dolomites are close to each 
64 
 
other. The water-saturated compressive strength is 37.4-51 MPa. These sedi-
ments can serve as a reliable basis for the different structures. 
 
Hercynian structural stage is presented by clay which is well consolidated. 
The consistency of clay is half-hard, the modulus of deformation of clay is 20-70 
MPa. The red clay’s formation of Hercynian structural stage possesses satisfac-
tory properties and can serve as a secure base for various engineering struc-
tures. 
 
Upper Alpine structural stage (Pleistocene-Holocene) 
 
Dnieper, Moscow, Kalinin and Ostashkov moraines are composed 
by boulder loam, sandy loam, rarely by clays with layers and lenses of strip-
clays, sands, gravels, pebbles and boulders. Dnieper, Moscow, Kalinin, 
Ostashkov moraines are similar in properties to each other and can serve as a 
very reliable basis for a variety of engineering structures. The main complicating 
factors in the construction on the moraine sediments is the heterogeneity of 
their composition and structure and susceptibility to frost heave during freezing. 
 
Fluvioglacial clay difference is located in the thickness of sand in the form of 
lenses and layers with a high content of silty fractions that lead to frost heaving 
during freezing. They are characterized by an average compacted and almost 
complete water saturation. In general, fluvioglacial sediments 
have satisfactory building properties and may be a good basis for differ-
ent engineering structures. 
 
The sediments of local and regional glacial lakes of late glacial age are pre-
sented by clays, loams, sandy loams and sands. These sediments 
have satisfactory building properties. 
 
Marine post-glacial sediments are presented by loams, clays, sands and some-
times peats. These sediments have very low building properties and can not be 
used for construction.  
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Alluvial Upper Pleistocene and Holocene sediments are presented by sand and 
clay. The sandy alluvial sediments have satisfactory strength and deformation 
properties and can serve as a good natural base for most of the industrial and 
civil buildings. But alluvial clay as a natural base usually requires the use of 
special types of foundations. 
 
4.2 Foundation engineering methods  
 
In analyzing foundation engineering methods the suitable type of foundation for 
these geological conditions is pile foundation, namely piles which are made in 
soil such as bored piles and drilled-in caisson piles.  Bored piles have the next 
advantages: refusal to use fabricated piles and following operations concerned 
delivery, storage, lifting on the rig, joining; absence of dynamic force on the soil 
foundation, no vibration while producing piles, which is very important from the 
point of view of safety of adjoining buildings, especially in narrow construction 
conditions; high efficiency of pile making works; low noise coming from the spe-
cial drilling rig; controlled extraction of soil. Construction of foundation by this 
technology does not cause significant settlements of neighboring buildings. But 
the main disadvantage is works on removing of the soil from the casing pipe 
and the necessity of transporting it out of the building site. 
 
Drilled-in caisson piles do not need works on removing of the soil from the cas-
ing pipe, but during construction of the piles, soil compaction appears around 
pile and therefore, it is necessary to control the amount of produced piles per 
shift. It is approximately 2-3 piles per shift, otherwise if technology is not per-
formed, it can lead to rising of neighboring buildings and after that to significant 
settlements. 
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FIGURES 
 
Figure 1 Scheme of engineering-geological zoning of Russian platform, p.6 
 
Figure 2 The junction of Russian platform with Baltic shield, p.7 
 
Figure 3 Rocks of Baltic shield, p.8 
 
Figure 4 Schematic geological section of Baltic region, p.16 
 
Figure 5 Hypsometric map of Leningrad, Novgorod and Pskov regions, p.17 
 
Figure 6 Scheme of distribution of continental glaciation, Middle Pleistocene 
Zandra boundary and Quaternary transgressions on Russian platform, p.18 
 
Figure 7 Map of Saint-Petersburg, p.32 
 
Figure 8 Scheme of arrangement of wells on the site of investigation, p.33 
 
Figure 9 Map of Saint-Petersburg, p.35 
 
Figure 10 Scheme of arrangement of wells on the site of investigation, p.36 
 
Figure 11 Map of Saint-Petersburg, p.39 
 
Figure 12 Scheme of arrangement of wells on the site of investigation, p.40 
 
Figure 13 Cross-section of piles, p.44 
 
Figure 14 Longitudinal-section of pile, p.44 
 
Figure 15 Pile-driving, p.45 
 
Figure 16 Immersion pile by vibrator, p.46 
 
Figure 17 Pressing pile, p.47 
 
Figure 18 The production technology of Fundex pile, p.49 
 
Figure 19 The production technology of Atlas pile, p.51 
 
Figure 20 The production technology of bored pile, p.53 
 
Figure 21 The production technology of CFA pile, p.55 
 
Figure 22 The production technology of Double rotary pile, p.57 
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Glacial sediments of 
Karelian age 
 
Moraine sand 
 
2±0,14 
 
2,2±0,14 
     
0,34±0,09 
 
9,52±2,8 
 
37 
  
20-30 
 
Moraine sandy loam 
 
2,01±0,09 
 
2,3±0,08 
 
12±1,7 
 
4-7,1 
 
5±1,3 
-1,54 to 
+0,05 
 
0,32±0,06 
 
11±3 
   
20-30 
 
Moraine loam 
 
1,93± 0,1 
 
2,18±0,07 
 
15±2,5 
 
0,2-4,8 
 
10±2,7 
-0,15 to 
0,09 
 
0,40±0,07 
 
15±3,6 
 
25-29 
 
15-82 
 
20-30 
 
Fluvioglacial sediments of 
Karelian age 
 
Moraine sand 
         
57-64 
  
24-48 
 
Moraine sandy loam 
           
22-35 
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Sediments 
proglacial 
lakes 
 
Sand 
 
1,86±0,2 
 
1,58±0,11 
     
0,70±0,12 
 
18±7,2 
 
33±6 
  
26 
 
Sandy loam 
 
2,06±0,1 
 
1,69±0,11 
 
18±2,5 
  
5±1,3 
  
0,61±0,11 
 
2,2±4,3 
 
32 
 
17 
 
11 
Loam of medium 
density 
2,02±0,1 1,60±0,07 19±2,6  10±2,5  0,69±0,07 27±5,9 21±8 30±15 7±3,6 
Weakly compacted 
loam 
1,89±0,1 1,41±0,07 20±2,9  12±2,3  0,92±0,13 34±6,2 16±8 22±13 3,5±1,9 
Weakly compacted 
clay 
 
1,88±0,1 
 
1,4±0,07 
 
26±6 
  
20±5,4 
  
0,93±0,1 
 
42±16 
 
12±5 
 
22±14 
 
4±2,1 
 
Sediments 
internal glacial 
lakes 
 
Sand 
 
1,76±0,2 
 
1,55±0,06 
     
0,72±0,12 
 
13±8,1 
   
26 
 
Sandy loam 
 
2,03±0,1 
 
1,69±0,13 
 
17±3,1 
  
6±1,1 
  
0,61±0,13 
 
21±4 
   
9 
Loam 2,03±0,2 1,64±0,13 17±1,8  10±2,7  0,66±0,15 24±4,8   9 
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Marine late glacial 
sediments 
Clay 1,83±0,12 1,34±0,16 42±9,7  19±6,3  1,1±0,29 44±15,3 11-13 10-26 
(59) 
4-10,5 
Sand 2,01 1,65     0,6 22    
 
Holocene marine 
sediments 
Clay 1,66±0,11 1,05±0,18 55±8,7  27±5,9  1,67±0,43 62±16,1 2-19 2-50 0,5-1,8 
Loam 1,91±0,11 1,43±0,17 34±6,6  12±2,8  0,90±0,27 35±11,1    
Sand 1,73 1,63     0,63 6    
 
Holocene lake sediments 
Sand 1,82±0,19 1,58±0,12     0,7±0,1 17±9,7 34-38  33-54 
Sandy loam 1,89±0,13 1,48±0,28 17±3,6  6±1,6  0,83±0,09 28±8,8    
Loam 1,91±0,15 1,54±0,22 20±3,6  10±3,8  0,79±0,22 25±6,7    
Clay 1,63±0,16 1,07±0,25 31±9  19±7,2  1,74±0,39 64±18 10 8 0,4-2,3 
Peat-bog formations of 
Holocene 
 
Peat 
 
0,95-1,05 
      
11-26 
 
570-1700 
   
A
rc
h
iv
e
 d
a
ta
 
B
a
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ic
 r
e
g
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n
 
Upper 
proterozoic 
Vendian complex 
(Kotlin horizon) 
 
Clay 
 
2,14 
 
 
 
22 
  
10 
 
-0,46 
 
0,49 
 
17 
 
27 
 
97 
 
25 
Upper 
Proterozoic
-Lower 
Cambrian 
 
Terrigenous marine 
formation 
Laminaritovye clay 2,16±0,07 1,9±0,08 22,7  14±3,7  0,45±0,06 13,6±2,6 15-22 47-73 100 
 
Blue clay 
 
2,26 
 
1,99 
 
26 
  
17 
  
0,39 
 
14 
 
15-22 
 
47-73 
28±8 
 
Ordovician-
Silurian 
 Limestone 2,26-2,45  
Water absorption is 4 - 6,9 % 
Porosity is 14,3 - 
20,2% 
Compressive strength saturated water is 
27 MPa 
Dolomite 2,21-2,68  Porosity is  11,3 -
19,9% 
 
Devon Formation of red 
terrigenous Early Devonian 
 
Clay 
 
2,08±0,4 
 
1,62±0,07 
 
29±3,4 
  
24±3,2 
  
0,68-0,06 
 
25±3,2 
 
13 
 
97 
 
20-70 
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 Loam 2,25±0,08  10,6±4,3  9,2±2,1  0,33±0,4 10,7±2,5   10-15 
Sandy loam 2,14±0,09 1,96±0,09 11±0,5  6±0,8  0,38±0,06 8,9±1,3 33 53±14 15-25 
M
o
s
c
o
w
 
m
o
ra
in
e
 Loam 2,22±0,08 1,94±0,15 15±3,4  7±3 -0,4 to 
0,23 
0,41±0,11 15±5,9 27±5 28±8 10-15 
Sandy loam 2,23±0,07  10,5±3,2  5,8±0,8 0,98 0,33±0,04 10,6±8,2 30±4,5 34±11 6-9 
K
a
lin
in
 
m
o
ra
in
e
 Loam 2,14±0,07 1,85±0,11 12,7±1,2  9,4±2,2  0,45±0,07 14,7±2,5 23±2,5 31±10 10-15 
Sandy loam 2,22±0,09 1,98±0,1 12,1±0,8  5,4±1  0,36±0,07 11,2±2 30±4,2 35±10 15-25 
O
s
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s
h
k
o
v
 
m
o
ra
in
e
 
Loam 2,08±0,08 1,73±0,13 18±3  11±3,3  0,59±0,12 22±4,7 24-28 20-70 10-15 
Sandy loam 2,2±0,08 1,93±0,13 14±2,9  4±1,6  0,4±0,1 15±4 27-33 15-60 15-25 
Sand         33-37  17-35 
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te
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o
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o
w
 
h
o
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n
 
Silty sand 1,88±0,15 1,75±0,09     0,51±0,08 9,6 32-38  14-88 
Fine sand 1,81±0,1 1,69±0,08     0,57±0,08 6,5 32-38  14-88 
Average coarse sand 1,81±0,09 1,69±0,07     0,57±0,07 5,9 32-38  14-88 
L
a
te
 
o
s
ta
s
h
o
v
 
h
o
ri
z
o
n
 
Silty sand 1,74±0,1 1,54±0,08     0,74±0,05 13±3,5 32-38  21-37 
Average coarse sand 1,69±0,4      0,66±0,04    16 
Gravel sand 1,92±0,07      0,45±0,05    50-60 
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Interstadial 
sediments 
Sandy loam 2,19±0,17 1,73±0,14 19±3,2  4±2  0,58±0,13 21±5,3 33±6 14±11 10-22 
Loam 1,98±0,13 1,59±0,20 22±7,4  11±6  0,76±0,33 27±12 24±7 20±17 7-10 
Silty fine sand 1,88±0,23 1,66±0,14     0,65 18±8   10-22,5 
The sediments 
of local glacial 
lakes 
Clay 1,91±0,06 1,46±0,1 27±3,2  22±3  0,88±0,12 31±4 10-11 20-30 6-11 
Loam 1,93±0,06 1,56±0,06 23±2,4  14±2  0,76±0,08 27±3   5-10 
The sediments 
of regional 
glacial lakes 
Sandy loam 2,02±0,08 1,65±0,13 18±4  5±2  0,65±0,13 23±6 33±6 14±11 10-22,5 
Loam 1,89±0,08 1,43±0,13 22±3  15±5  0,95±0,19 34±7 24±7 20±17 5-10 
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The sediments 
of regional 
glacial lakes 
 
 
Bandy clay 
 
 
1,77 
  
 
24 
  
 
28 
  
 
1,28 
 
 
50 
 
 
10-11 
 
 
20-30 
 
 
5-10 
 
M
a
ri
n
e
 p
o
s
t-
g
la
c
ia
l 
s
e
d
im
e
n
ts
 I Yoldia Sea Sandy loam 2,04±0,15 1,71±0,15 19±2,1  3±2  0,6±0,13 22±4 32±7 23 12,1±7,7 
Loam 1,93±0,1 1,49±0,16 21±3,3  14±5,7  0,87±0,22 32±7   5-10 
II Yoldia Sea Loam 1,95±0,11 1,53±0,12 18±2,7  9±2,7  0,81±0,14 26±7   4-6 
 
Ancylus sea 
Sandy loam 1,99±0,34 1,54±0,17 21±2,2  4±2,4  0,63±0,1 31±7   5-9 
Loam 1,42±0,1 1,16±0,3 21±5,1  10±4  0,85±0,19 31±7   4-8 
 
Litorinal Sea 
Sandy loam 1,88±0,16 1,47±0,24 23±5,7  6±3,6  0,9±0,38 47±2 28±6 19±11 4,8±3,4 
Loam 1,83±0,2 1,35±0,29 23±4,7  12±6,3  1,05±0,54 42±21 27±4 9±7 5±2,5 
Silty fine sand 1,97±0,1 1,58±0,1     0,65±0,12 26±5   9 
 
 
 
Alluvial Upper Pleistocene 
and Holocene sediments 
Silty sand         30-40  14-67 
Fine sand         30-40  27-71 
Average coarse 
sand 
        30-40  33-51 
Gravel sand         30-40  31-173 
Sandy loam         15-20 17-20 4-8 
Loam         3-5 15-25 5-11 
Clay         15-20 25-47 3-10 
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Top soils: sand with gravel, pebbles, fragments of 
bricks, wood, crop residues.  t Q IV 
Design resistance R = 0,08 MPa
 
 
 
 
Marine and lake sediments 
m,l Q IV 
Soils with low 
content of peat 
saturated with 
water 
 
1,60 
 
0,89 
     
1,98 
 
79 
  
 
 
2,5 
Silty sand with 
interbedded of 
sandy loam 
 
2,01 
      
0,65 
  
30 
 
4 
 
18 
Silty sandy loam 2,01 1,62   7 0,54 0,68 24 20 10 14 
Silty sandy loam 
with interbedded 
of sand 
 
1,88 
 
1,4 
   
11 
 
1,17 
 
0,95 
 
34 
 
6 
 
6 
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p
e
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P
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c
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Lake glacial sediments of  
Baltic glacial lake 
lg Q III b 
Band silty loam 
 
1,86 1,37   2 1,02 1 36 9 6 6 
Layered silty loam 1,87 1,38   13 0,91 0,98 36 9 11 6,5 
Sand of the 
average particle 
size 
 
2,07 
      
0,55 
  
38 
 
2 
 
40 
Glacial sediments of Luga 
stage 
g Q III lz 
 
Silty loam with 
gravel, pebble 
 
2,07 
 
1,70 
   
9 
 
0,26 
 
0,59 
 
22 
 
17 
 
24 
 
12 
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id
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le
is
to
c
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e
  
Lake glacial sediments of 
Moscow horizon 
lg Q II ms 
 
 
Layered silty loam 
 
 
2,00 
 
 
1,6 
   
 
8 
 
 
0,75 
 
 
0,69 
 
 
25 
 
 
11 
 
 
12 
 
 
8 
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 Glacial sediments of 
Moscow horizon 
g Q II ms 
Silty sandy loam 
with gravel, 
pebbles, 
interbedded of 
sand. 
 
2,23 
 
2,01 
   
4 
 
-0,24 
 
0,35 
 
11 
 
31 
 
35 
 
24 
U
p
p
e
r 
P
ro
te
ro
z
o
ic
  
Upper Kotlin horizon of 
Vedian complex 
Vk t2 
Dislocated silty 
clays 
2,13 1,79   10 -0,29 0,52 19 26 69 22 
 
Silty clays with 
fragments of 
sandstone 
 
2,16 
 
1,88 
   
9 
 
-0,53 
 
0,48 
 
15 
 
28 
 
126 
 
31 
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v
e
s
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g
a
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o
n
 №
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B
a
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e
g
io
n
 
H
o
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c
e
n
e
 
 
Top soils: sandy clay mixture with gravel, 
pebbles, fragments of bricks, wood, crop 
residues. t Q IV 
 
Design resistance R = 0,1 MPa
 
Recent biogenic sediments 
b Q IV 
 
Peat 
 
Design resistance R = 0,1 MPa
 
 
 
 
Marine and lake sediments 
m,l Q IV 
Fine loose sand 1,91      0,8  25  13 
Silty sand 
interbedded with 
sandy loam 
 
1,94 
      
0,75 
  
25 
  
10 
Silty sandy loam 
with interbedded 
sand 
 
1,81 
 
1,18 
   
8 
 
1,18 
 
1,06 
 
54 
 
6 
 
7 
 
4 
Layered  silty 
loam with 
interbedded sand 
 
1,92 
 
1,47 
   
10 
 
1,23 
 
0,85 
 
31 
 
16 
 
12 
 
6 
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Lake glacial sediments of 
Baltic glacial lake 
lg Q III b 
Bandy silty loam 1,82 1,29   14 1,15 1,12 41 10 8 5 
Layered  silty 
loam with gravel 
1,91 1,44   11 0,91 0,9 33 14 15 7 
 
 
 
Glacial sediments of Luga 
stage 
g Q III lz 
Arenaceous 
sandy loam, with 
lenses of sand, 
gravel, pebbles 
 
2,20 
 
1,91 
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0,57 
 
0,4 
 
15 
 
24 
 
20 
10 
Silty loam, with 
lenses of sand, 
gravel, pebbles 
 
2,09 
 
1,73 
   
10 
 
0,32 
 
0,57 
 
21 
 
21 
 
30 
 
12 
Silty loam 
sometimes sandy 
loam, with lenses 
of sand, gravel, 
pebbles 
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1,88 
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0,44 
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Lake glacial sediments of 
Moscow horizon 
lg Q II ms 
Layered  silty 
loam with gravel 
1,98 1,56   11 0,56 0,75 27 18 23 9 
Layered  silty 
loam 
1,87 1,39   13 0,9 0,97 35 12 13 7 
Coarse sand 
sometimes gravel 
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formations of 
sandy loam 
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0,5 
  
41 
  
45 
 
Glacial sediments of 
Moscow horizon 
g Q II ms 
 
Arenaceous 
sandy loam, with 
lenses of sand, 
gravel, pebbles 
 
 
2,31 
 
 
2,1 
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-0,5 
 
 
0,27 
 
 
10 
 
 
34 
 
 
33 
 
 
22 
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Upper Kotlin horizon of 
Vedian complex 
Vk t2 
 
Silty clay with 
fragments and 
thin interbedded 
sandstone 
 
 
2,07 
 
 
1,7 
   
 
14 
 
 
-0,11 
 
 
0,62 
 
 
22 
 
 
14 
 
 
65 
 
 
16 
 
Layered silty clay 
with fragments 
and thin 
interbedded 
sandstone 
 
 
2,15 
 
 
1,84 
   
 
15 
 
 
-0,44 
 
 
0,49 
 
 
17 
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90 
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Top soils: sand rarely sandy loam with gravel, 
pebbles, fragments of bricks, wood, crop 
residues.  t Q IV 
 
 
Design resistance R = 0,08 MPa
 
U
p
p
e
r 
P
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is
to
c
e
n
e
  
Glacial sediments 
g Q III 
 
Silty light loam 
with gravel, 
pebbles  and 
fragments of 
limestone 
 
 
2,16 
     
 
0,17 
 
 
0,46 
 
 
16 
 
 
23 
 
 
35 
 
 
14 
O
rd
o
v
ic
ia
n
  
Lower  Ordovician 
sediments 
O1 
 
Gray limestones, 
open and 
crumbling 
 
2,44 
 
 
Water absorption is 4,4% 
 
 
Porosity is 15% 
 
Compressive strength saturated 
water is 27,3 MPa 
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